Pulmonary embolism remains one of the major causes of morbidity and mortality in the United States. For patients with an intermediate-risk pulmonary embolism, Ultrasound-Assisted Catheter-Directed Thrombolysis (USAT) is a contemporary treatment modality that has emerged as a potential alternative to systemic thrombolysis and surgical embolectomy. Multiple studies have demonstrated the efficacy of USAT in reducing the thrombus burden and reversing right ventricular dysfunction in patients with an intermediate-risk pulmonary embolism. However, literature addressing the potential impact of an early catheter directed revascularization is lacking. A recent retrospective study carried out by Edla et al suggests that, compared to a delayed intervention, early USAT can improve recovery of pulmonary hemodynamics in patients with submassive pulmonary embolism and also reduce the overall in-hospital length of stay. This commentary provides a thorough analysis of the results of this study and revisits the existing information on ultrasoundassisted thrombolysis for acute pulmonary embolism.
Introduction
Acute Pulmonary Embolism (PE) is one of the most common causes of hospitalization and mortality in the United States. The mortality rate for acute PE exceeds 15% within 90 days, and 58% in the first hour, in patients with hemodynamic compromise 1, 2, 3 . Survivors of acute PE remain at risk for chronic thromboembolic pulmonary hypertension 4 . PE can present with a variety of clinical syndromes, depending on hemodynamic stability and the extent of occlusion. Patients that are hemodynamically stable, with no evidence of RV compromise, have been classified as low risk. Such patients generally have an excellent prognosis with anticoagulation alone 5 . High risk/Massive PE has been defined as Acute PE with sustained hypotension, pulselessness, or persistent profound bradycardia 6 . Due to the high risk of in-hospital mortality in those patients, systemic thrombolysis remains the treatment of choice 7 . However, in patients with Intermediate-Risk/Submassive Acute PE -defined as Acute PE without systemic hypotension, but with either RV dysfunction or myocardial necrosis-Systemic thrombolysis and surgical embolectomy carry a higher risk of complications 6, 7 ; with systemic thrombolysis accounting for 20% risk of major hemorrhage and 3-5% risk of hemorrhagic stroke 8 , and surgical embolectomy accounting for 27.2% inpatient mortality rate 9 . Due to the above-mentioned risks that equal to the overall mortality of the disease alone, USAT has emerged as an innovative method, which aims towards a more targeted thrombolytic approach, thus reducing the risk of major hemorrhagic complications.
USAT is a catheter-based technique that uses a PharmacoMechanical system to break down the clot. The catheter is used to deploy sound waves that break down fibrin crosslinks and separate the fibers to promote penetration of the thrombolytic agent, commonly recombinant, tissue plasminogen activator (rt-PA), injected directly into the clot 10, 11 . Thus, both mechanisms act synergistically to break down the fibrin complex within the clot.
Major randomized controlled trials (RCTs), including the ULTIMA 12 and the SEATTLE II 13 trials, have demonstrated the efficacy and safety of USAT in submassive PE. The main findings were the significant improvement in right ventricular systolic function, reduction of the clot burden and hemorrhagic outcomes, in comparison to systemic thrombolysis and anticoagulation alone. While most studies evaluated patients with acute submassive PE within 14 days of symptom onset, there are no studies that have addressed the timing of USAT and comparing outcomes of an early intervention versus a delayed one, and here is where Edla et al stands out 14 .
Review
Edla et al retrospectively evaluated 41 patients with submassive/intermediate risk PE that were treated with USAT, 21 of which were treated within 24 hours of diagnosis (mean time interval of 13.3 ± 5.6 hours) compared to 20 patients treated after 24 hours (mean time interval of 46.4 ± 10.1 hours). Their hypothesis was that an earlier intervention could theoretically have more impact in reducing the clot burden, improving right ventricular function and improving pulmonary hemodynamics. They analyzed six outcome parameters, one echocardiographic (right ventricular-to-left ventricular (RV/LV) ratio) and five invasive (mean pulmonary artery pressure (MPAP), cardiac index (CI), pulmonary vascular resistance, right ventricular stroke work index (RVSWI), and pulmonary artery pulsatility index (PAPi)). They also assessed several clinical outcomes, including the post-procedural length of stay, in-hospital all-cause mortality, recurrent PE, bleeding, and procedure-related complications.
The study results showed improvement of all six outcome parameters in all 41 patients who underwent USAT. Patients who underwent an early intervention had a statistically significant improvement in CI, pulmonary vascular resistance, and RVSWI, when compared with the late intervention group. Edla et al also reported that there was no statistically significant improvement in the RV/ LV ratio, MPAP, and PAPi when comparing both groups. However, there was a notable trend favoring the early treatment group.
Discussion
This investigation was the first of its kind in exploring the potential impact of an early USAT intervention. It is worth to point out that this study did not demonstrate a statistically significant reduction in the RV/LV ratio between the two intervention groups. The importance of the RV/LV ratio lies, not only in that it is the most commonly studied parameter to guide treatment, but also in its validity to predict short-term mortality in patient with PE 18, 19 . With that said, the trend demonstrated that favoring the early treatment group is a good indicator for future investigations, and it can be hypothesized that this trend can also be magnified with larger studies and a bigger sample size.
The use of pulmonary hemodynamic parameters, such as the RV/LV ratio, MPAP, and CI, in USAT has been investigated in prior studies 12, 13 . The improvement of such parameters post-intervention has been reproducible again in this investigation, serving to further validate the efficacy of USAT. In attempt to explore further, Edla et al included additional parameters in their study that have not been explored in prior investigations; pulmonary vascular resistance has been studied extensively in systemic thrombolysis trials 15 , RVSWI is commonly used to evaluate RV contractility and is routinely used to predict RV failure in patients receiving LV assist devices or heart transplants 16 ; PAPi is used to predict RV failure, following inferior wall myocardial infarction 17 . The improvement demonstrated in these additional parameters, in all 41 patients post USAT, strongly validates impact of this intervention on the recovery of pulmonary hemodynamics and reduction in clot burden. However, it remains to be seen whether these benefits can be sustained with long-term follow up. The suggestion that early systemic thrombolysis decreases the risk of chronic pulmonary artery hypertension 21 warrants further randomized controlled trials to understand the implications of USAT timing on long-term clinical outcomes.
In regards to the safety outcomes, Edla et al reported neither deaths nor severe life-threatening bleeding in the post-procedural period. These results are consistent with the safety profile established with previous investigations 12, 13, 20 . One notable finding was the statistically significant reduction in the length of stay in the early intervention group versus the delayed group (6.0 ± 2.6 days versus 10.1 ± 6.9 days, respectively). This clinical outcome is important to highlight considering the limited data in the current literature assessing the post procedural length of stay after USAT in patients with submassive PE. In one trial, the ULTIMA trial, the mean hospital stay following USAT was reported as 8.9±3.4 days compared to 8.6±3.9 days in patients treated with unfractionated heparin 12 . It will be interesting to see if this significant finding can be 
Study Limitations
Despite the promising results of this study, its impact remains limited by its sample size and the single-center population. Such results require further validation with larger randomized trials. Furthermore, an element of selection bias cannot be ruled out considering that the timing of USAT intervention was dependent on the subjective decision of the cardiologist. Finally, there is no established data to suggests that the improvement of the newly studied pulmonary hemodynamic parameters, such as the RVSWI and PAPi, correlates with a reduction in the development of chronic pulmonary hypertension. Thus, the long-term utility of such parameters remains unclear.
Conclusion
The findings of Edla et al serve to emphasize the relative safety and efficacy of USAT as a treatment modality for patients with the sub-massive pulmonary embolism. They also bring to attention the short-term impact of early catheter-directed therapy in improving pulmonary hemodynamics and possibly reducing the development of chronic pulmonary hypertension. Finally, this single-center study also lays the groundwork for future investigators, and shows that larger, multi-center trials are needed to explore the potential long-term benefit with the early use of USAT.
